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将 DGGE 所揭示的 12 个站位浮游生物群落分为东南海域站位、西海域站位和
































































Microeukaryotic plankton are important components of marine aquatic 
environments and play key roles in marine classical food chain and microbial food 
webs. Moreover, most microeukaryotic plankton assemblages, such as phytoplankton, 
are susceptible to environmental deterioration and pollution. Therefore, these 
microorganisms make ideal biomonitors to evaluate the ecosystem status of marine 
waters. As predators, producers, decomposer and parasites, the microeukaryotic 
microorganisms are significant important in the ecological functioning and process of 
biological marine ecosystems. It is therefore important to study the diversity in 
microeukaryotic communities to characterize both biogeochemical processes and 
marine ecosystem health. In this study, we examined the microeukaryotic plankton 
community composition, genetic diversity as well as their relationship with 
environmental factors in Xiamen offshore water and the Shenhu Bay, Fujian Province, 
southeast China, using PCR-DGGE (polymerase chain reaction-denaturing gradient 
gel electrophoresis), clone-based sequencing and Illumina MiSeq-based sequencing. 
The main results are as follows:  
1)  The environmental conditions of Xiamen island offshore water was complex, 
with each sampling stations displaying different characteristics. The southern and 
eastern stations were strongly influenced by the outside ocean with higher salinity. 
However, western stations were affected by the Jiulong River Estuary with higher 
nutrients concentrations and lower salinity. The northern sites showed higher water 
temperature than other sampling sites. The microeukaryotic plankton communities 
revealed by DGGE were divided into three groups (southeast, west and north group) 
by multidimensional scaling (MDS). However, the Illumina-based microeukaryotic 
plankton communities showed that both N2 and N3 sampling sites differed from other 
stations. 
2)  The high throughput sequencing revealed a much (approximately two orders of 


















DGGE results in Xiamen offshore water, however there were no significant difference 
in species richness and diversity among the northern, eastern, southern or western 
stations based on both methods. In the present study, Copepoda, Ciliophora, 
Chlorophyta, Dinophyceae, Cryptophyta and Bacillariophyta (diatoms) were the 
dominant groups even though diatoms were not detected by DGGE. Our Illumina 
based results indicated that two northern communities (sites N2 and N3) were 
significant different from others in having more protozoa and fewer diatoms. 
Redundancy analysis (RDA) showed that both temperature and salinity were the 
significant environmental factors influencing dominant species communities, whereas 
the full microeukaryotic community appeared to be affected by a complex of 
environmental factors.  
  3)  In the Shenhu Bay, the microeukaryotic communities showed a significant 
seasonal variation between summer and autumn. Furthermore, the microeukaryotic 
communities from both surface and bottom waters did not show significant difference 
in autumn, however it displayed a significant difference in summer due to vertical 
stratification caused by surface heating from the hot weather inside of the bay and 
upwelling-forced cold water intrusions driven by southwest wind from the Taiwan 
Strait. Environmental parameters displayed obvious seasonal characters between 
summer and autumn. Redundancy analysis (RDA) displayed that temperature was the 
most significant environmental factors influencing seasonal patterns of the dominant 
microeukaryotic communities in Shenhu Bay. 
  4)  In total, Chlorophyta, Copepoda, Dinophyceae, Ciliophora and Euglenozoa 
were found to be dominant groups revealed by PCR-DGGE in the Shenhu Bay. The 
detection of red tide species indicated a potential possibility of red tide occurrence in 
this bay. It appeared that the molecular techniques based on community level could 
evaluate the possibility of red tide occurrence and guide the management of coastal 
water mariculture. The molecular techniques used in our study such as DGGE, 
cloned-sequencing are characterized by simple operation, less time consuming, low 


















present methods gradually start to show some drawbacks and shortcomings in 
different degree. In order to make full use of different method advantages and make 
accurate analysis, we should combine different techniques together to explore the 
microeukaryotic plankton communities in marine system in the future studies. 
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第 1 章 绪 论 
1.1 海洋微型浮游生物概述 
地球上海洋面积极为广阔，约 3.6 亿平方千米，占地球总表面积的 71%。全




























































粒径大小将浮游生物分为如下七个类别  ① < 0.2 μm，超微型浮游生物
（Femtoplankton），如：病毒。② 0.2-2 μm， 微微型浮游生物（Picoplankton），
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